Kaplan-Meier analysis was used to generate estimates of FFS rates. Differences between Kaplan-Meier estimates of two groups were compared using the log-rank statistic. Multivariate analyses were performed with the use of Cox proportional-hazards regression. Factors analyzed were: presence or absence of testosterone recovery after ADT discontinuation, age, presence of osteoporosis-related comorbidities (history of fracture as adult,
INTRODUCTION
Prostate cancer is the most common newly diagnosed cancer in the United States. It represents 28% of the estimated 1.5 million cancers diagnosed in 2010 and is the cause of 11% of cancer-related deaths among men (Jemal, Siegel et al. 2010) . Androgen deprivation therapy (ADT) is the main therapeutic approach for men with metastatic prostate cancer and it also plays a role in locally advanced disease in combination with radiotherapy to prevent recurrence (Bolla, Gonzalez et al. 1997) . The use of ADT for localized prostate cancer has gained popularity, increasing from approximately 3.7% of all patients in 1991 to 30.9% in 1999 to nearly 50% in a 2002 cohort (Meng, Grossfeld et al. 2002; Shahinian, Kuo et al. 2005b ). Treatment-related side effects can influence quality of life; they include weight gain, loss of lean muscle mass, impaired concentration, decreased libido, and hot flashes (Celestia 2004) . Numerous studies have shown that patients treated with ADT experience rapid bone loss (Berruti, Dogliotti et al. 2002; Diamond, Higano et al. 2004; Smith, Lee et al. 2004 ). More recently, two studies reported that the bone loss related to ADT increases the risk of development of fractures (Shahinian, Kuo et al. 2005a; Smith, Peart et al. 2006) . In this study we examined the prevalence of fracture among men undergoing ADT for prostate cancer to determine if the fracture risk was increased among this population.
METHODS
This is a retrospective cohort study of patients treated with ADT in a radiation oncology and medical oncology practice at an urban academic medical center from 2005 to 2010. The study included 130 men who received ADT as primary or adjunct therapy for prostate cancer. Patients with evidence of bone metastases responsive to ADT were included, while those with androgen-independent prostate cancer were excluded. Patients who were treated with ADT during the years of the study who had also been treated previously with ADT were included, and all their ADT treatment courses were analyzed. The primary study outcome was any clinical fracture with radiographic documentation at any time following the initiation of ADT. The study protocol was reviewed and approved by the St. Luke's-Roosevelt Hospital Center Institutional Review Board.
Objective: In this study we examined the prevalence of fracture among men undergoing ADT for prostate cancer to determine if the fracture risk was increased among this population.
Background: Androgen deprivation therapy (ADT) is a therapeutic approach for men with various prostate cancer disease states. Treatment-related side effects of ADT include rapid bone loss. Previous studies have found that the bone loss related to ADT leads to the development of fractures.
Methods: This is a retrospective cohort study of patients treated with ADT in a radiation oncology and medical oncology practice at an urban academic medical center from 2005 to 2010. Patients with evidence of bone metastases responsive to ADT were included. Those with androgen-independent prostate cancer were excluded.
Results:
One hundred thirty patients met the inclusion criteria and among them only three fractures occurred during 373 person-years of follow-up. The fracture-free survival (FFS) rate at three years for all was 97.7%. Excluding fractures occurring within six months of ADT initiation, the FFS rate was 100% at three years. No significant difference was demonstrated in those screened with a pretreatment dual-emission X-ray absorptiometry (DEXA) scan; there was no relationship between the number of ADT cycles, recovery of testosterone to normal, or total time on ADT. Older patients, surprisingly, had a lower risk (p = 0.054). Patients with normal bone mineral density (BMD) had an FFS rate of 93.8% at three years, osteopenic patients had 94.7%, and patients with osteoporosis and hormone-responsive metastases had 100%.
Conclusion:
The prevalence of fracture among this group is significantly less than what has previously been reported for men receiving ADT, potentially suggesting an overstatement of risk in the literature to date. Further prospective study with a larger sample size is needed.
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The Risk of Fracture in Patients Undergoing Androgen Deprivation May Be Overstated 4ORIGINAL ARTICLES diabetes, smoking, heavy alcohol use, low body weight, renal disease), use of medication linked to osteoporosis (glucocorticoids, thyroid hormone, anticonvulsants, chronic heparin therapy, loop diuretics, methotrexate, proton-pump inhibitors, selective serotonin reuptake inhibitors), race, presence of metastases, number of follow-up visits, duration of follow-up, and duration of ADT. In addition, secondary analysis was performed looking at the impact of bone densitometry screening on the incidence of fracture. Analysis was performed using the SPSS Statistics program v. 14.0.
RESULTS
One hundred thirty patients met the criteria for inclusion in the study. Their characteristics are listed in Table 1 .
The primary endpoint of fracture was experienced by 3 of the 130 patients. The details of these fractures are listed in Table 2 . All of the fractures occurred soon after ADT initiation, with five months being the longest duration of treatment prior to fracture. Further, all fractures occurred following falls and none occurred in patients with metastatic disease.
The FFS rate for all patients at three years was 95.1%. If fractures that occurred within six months of ADT initiation, which were unlikely to be related to ADT, are excluded, the FFS rate was 100%. When the cohort was stratified based on bone mineral density (BMD) screening, two of the three fractures occurred among those monitored with DEXA scans. The difference in FFS between those screened with DEXA scans prior to ADT versus those not screened was not significant. Surprisingly, the fractures did not correlate with worse BMD measurements, as might be expected. At three years, patients with normal BMD had an FFS rate of 93.8%, osteopenic patients had an FFS of 94.7%, and patients with osteoporosis and hormone-responsive metastases had an FFS of 100%. These differences were not statistically significant.
One hundred ten patients underwent a single course of ADT. Among those, the median duration of therapy was nine months. Two fractures occurred within the group undergoing only one course of treatment (9 months and 31 months of ADT, respectively). However, the expected dose-response relationship that has been previously demonstrated did not manifest in our cohort, as both fractures occurred within the first five months of ADT initiation. Furthermore, among the 20 patients who received more than one course of treatment (median 36 months), only one fracture occurred. This fracture was traumatic and occurred three months after ADT initiation.
Bone densitometry was performed on 41 patients; it identified 6 patients as osteoporotic, 19 as osteopenic, and 16 with normal BMD. Among the monitored Secondary analyses were also performed, specifically looking at testosterone recovery, age, presence of osteoporosis risk factors (lifestyle, medical, or medication), race, presence of metastases, number of followup visits, duration of follow-up, or duration of ADT, and the relation of these factors to fracture. None of the analyses demonstrated a statistically significant difference between the two groups, although older patients, surprisingly, demonstrated a strong trend toward lower fracture risk (p = 0.054).
DISCUSSION
In our cohort of patients, the fracture prevalence of men receiving ADT was significantly less than previously reported in large population-based studies. Shahinian and colleagues found fracture prevalence to be nearly 20% , while Smith and colleagues reported that the rate of any fracture was 7.91/100 person-years at risk for men receiving ADT. Our study had a fracture prevalence of 2.3% and a rate of 0.8/100 person-years. Based on the reported rate of fracture from those two previous studies, our group had markedly fewer than was anticipated (Table 3) . Further, all of our fractures, which occurred within five months of initiation of treatment, would not have been included in the Shahinian et al. (2005a) study. We included the fractures in the first year, as the data show that the most accelerated bone loss occurs in the first six months following the initiation of ADT (Greenspan, Coates et al. 2005 ).
In addition to analyzing fracture incidence in terms of person-years, we looked at fractures using KaplanMeier estimates. Shahinian et al. (2005a) had a threeyear FFS rate of approximately 90% within their group that received one to four doses of ADT, while the group that received greater than nine doses had an FFS rate of about 85%. This is in stark contrast to our results, which demonstrated an overall three-year FFS rate of 95.1%, with 90% of our cohort receiving at least six months of ADT. Furthermore, the FFS rate increased to 100% if we eliminated fractures occurring within the first 12 months as in the Shahinian study.
There are a number of potential explanations for the marked difference demonstrated in our cohort versus the previous studies. One possibility is that the patients in this study were on average younger than those in the other studies, and age has previously been reported as a risk factor for increased fracture risk, despite the opposite finding in our cohort (Kanis 2002) . Our study had a more racially diverse population when compared with the predominantly Caucasian groups seen in the previous studies, and Caucasian race has also been shown to increase fracture risk (Baron, Barrett et al. 1994) . Lastly, physician discretion has the potential to affect results. Compared with the large population-based studies that included patients from 1992 to 1997 (Shahinian, Kuo et al. 2005a ) and 1998 to 2003 (Smith, Peart et al. 2006) , this study included patients of only two physicians from 2005 to 2010. These physicians perhaps had greater discretion in prescribing ADT to their patients, based on comorbidities and the literature suggesting a correlation between ADT and bone health as early as 1995 (Eriksson, Eriksson et al. 1995) .
This study also failed to demonstrate a benefit from screening patients with DEXA scans prior to ADT. Undoubtedly, preventing fractures in men undergoing ADT is necessary, as fractures have been shown to increase cost of care (Krupski, Foley et al. 2007 ) and decrease length of survival (Oefelein, Ricchiuti et al. 2002) . A 2010 study using a Markov state-transition model even suggested that the use of DEXA screening is cost effective in preventing fractures (Ito, Elkin et al. 2010) , but the data from this study call that into question. 
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The retrospective design of this study is a limitation. Also, the cohort of patients was limited in number and geographically confined to one hospital. Duration of patient follow-up, while the same as in the Smith study, was a limiting factor. Lastly, the number of fractures in the study cohort limits the analysis and conclusions regarding DEXA screening.
In conclusion, the prevalence of fracture in the study group is significantly less than what has previously been reported for patients receiving ADT, potentially suggesting an overstatement of risk. Further prospective study with a larger sample size is needed.
